Polyphase in situ composites were generated by directional solidification of ternary eutectics. This work was performed to discover if a balance of properties could be produced by combining the NiA1 Laves phase and the NiAI refractory metal phase eutectics. The systems investigated were the Ni A1 Ta X (X = Cr, Mo, or V) alloys. Ternary eutectics were found in each of these systems and the eutectic composition, temperature, and morphology were determined. The ternary eutectic systems examined were the NiAI-NiAITa-(Mo, Ta), NiAI-(Cr, AI) NiTa-Cr, and the NiAI-NiAITa-V systems. Each eutectic consists of NiA1, a C14 Laves phase, and a refractory metal phase. Directional solidification was performed by containerless processing techniques in a levitation zone refiner to minimize alloy contamination. Room temperature fracture toughness of these materials was determined by a four-point bend test. Preliminary creep behavior was determined by compression tests at elevated temperatures, 1100-1400 K. Of the ternary eutectics, the one in the NiA1 Ta-Cr system was found to be the most promising. The fracture toughness of the NiAI_Cr, AI)NiTa-Cr eutectic was intermediate between the values of the NiAI-NiAITa eutectic and the NiAI-Cr eutectic. The creep strength of this ternary eutectic was similar to or greater than that of the NiAI Cr eutectic.
INTRODUCTION

Ordered intermetallics
such as NiAI are considered candidates for high temperature structural applications, provided that the proper combination of room temperature toughness and elevated temperature strength can be developed. However, processing of intermetallics is usually difficult due to their refractory nature. Before mechanical properties can be measured and optimized, processing routes must produce sound bulk material which can be reliably tested. Improvements in all these areas are generally found for multi-phase alloys. One of the major difficulties in producing composite materials for elevated temperature use is the selection of materials that will be thermodynamically compatible and stable at the targeted application
temperature. An advantage of producing multi-phase material from eutectic alloys is that phases are thermodynamically stable at temperatures up to the melting point. Directional solidification of these eutectic alloys may produce in situ composites where one or more phases are aligned parallel to the growth direction.
Of particular interest are polyphase in situ composites which are defined here as directionally solidified eutectics resulting in three or more phases. The basic idea is to include a metallic phase for improved room temperature toughness with a number of intermetallic phases for good high temperature properties.
For example, the NiAI-(Cr, Mo) eutectic has a promising room temperature fracture toughness I while the NiA1-NiA1Ta eutectic has a very good creep strength. 2 Thus, it may be possible to blend the properties of each system in a directionally solidified three phase eutectic, provided such systems thermodynamically exist. The disadvantages of working with eutectic alloys are the limited composition ranges where couple growth may take place. In addition, the phase diagrams for many systems of interest are unknown.
Hence, the purpose of this investigation was to locate multi-phase eutectic systems for directional solidification and to briefly examine their mechanical
properties.
The strategy used in the alloy design was based upon trying to combine the good room temperature properties of the NiAl-refractory metal eutectics with the good elevated temperature properties of the NiA1-Laves phase eutectics (such as NiA1-NiAITa). The alloys considered were from the Ni-AI-Ta-X (X = refractory metal) system. Other alloying work in these systems has emphasized the nickel rich alloys. 5 
EXPERIMENTAL PROCEDURES
As a first approach to locating promising microstructures for in situ composites studies, exploratory arc-melts containing high purity Ni, AI, Ta, Cr, Mo and V were made. These ingots were metallographically examined for evidence of eutectic-like microstructures.
Alloy compositions were then varied to increase the eutectic volume fraction.
Since the arc-melted ingots had an extremely fine microstructure, a coarsening heat treatment was performed to better characterize the microstructure.
Heat treatments were performed in an induction furnace using a helium atmosphere. (Fig. 2) . Furthermore, all the eutectic phases were still present and no evidence of a solid state phase transformation was found. Hence, the phases of the eutectic microstructures were stable for the temperature range examined.
Ni-AI-Ta-Mo system
Alloys examined in the NiA1-Ta--Mo system are plotted on the composition triangle shown in Fig.   3 . adjacent to the water cooled hearth consisted of an eutectic-like microstructure whereas the rest of the ingot was dendritic in nature (Fig. 4) . The morphology of the dendritic region was dependent upon the orginal composition of the ingot. The compositions in Fig. 3 with the greater precentages of NiA1 resulted in two-phase dendrites consisting of NiAI + Mo, Fig. 4 
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Ni-AI-Ta-Cr system
Alloys examined in the Ni-AI-Ta-Cr systems are plotted in the composition triangle shown in Fig. 7 . Arc-melted ingots in this system were much easier to produce than the Ni-AI-Ta-Mo systems since no abrupt changes in microstructure were observed. From the survey study, an ingot with a composition of Ni-33A1-28Cr-6Ta (at.%) was cast and directionaily solidified at 19 mm/h for further study.
The phase compositions were determined for an arc-melted ingot heat treated at 1673 K for 14-4 ks (4 ha). These results, along with a schematic of the projected liquidus troughs are shown in Fig. 8 . As indicated in Fig. 8 , a possible continuous solid solution between the NiA1Ta and the Cr2Ta Laves phases exists.
The longitudinal microstructure from the directionally solidified ingot is shown in Fig. 9 . The microstructure of this ingot was essentially all eutectic.
The NiAI-(Cr, A1) NiTa Cr ternary eutectic consists of an NiAI matrix containing chromium rods and laths of the Laves phase. The relative amounts of each phase determined by the lever rule differed from those determined from the area fractions, ( Table  1) . The difference in these values are probably due to errors in measuring the area fractions.
The atomic number contrast of the NiAI and chromium phases were similar making an accurate determination from the SEM backscattered electron image difficult. The morphology of this eutectic is more clearly shown in Fig. 10 . The greater resolution of the TEM image clearly shows the fine structure. 
Ni-AI-Ta-V system
Compositions studied in the Ni-A1-Ta-V systems are shown in Fig. 11 In Figs  16 
